For over ten years, there has been concern with the potential for increased risk of cancer among "electrical workers." In contrast to studies of residential exposure to magnetic fields, occupational studies include electric and magnetic field exposures and have much greater variability in field intensity, frequency, and temporal patterns. Studies of leukemia in electrical workers show a moderate consistency, with elevated risk ratios of 1.2 to 2.0 commonly observed. Brain tumors are similarly elevated with some consistency, and three recent studies have suggested increased risk of male breast cancer. Retrospective exposure assessment methods were advanced in recent studies of diverse occupations in a study in central Sweden, which yielded evidence of increased risk of chronic lymphocytic leukemia among men in more highly exposed occupations. A study of telephone workers in New York State incorporated measurements and found some indication of increased leukemia risk only when exposures were based on historical technology. Utility workers in southern California were studied and found not to have increased risks of leukemia and brain cancer based on exposures estimated with measurements. An ongoing study of electric utility workers at five companies in the United States incorporates an extensive measurement protocol. Randomly selected workers within occupational categories wore a time-integrating magnetic-field meter to provide estimates of exposure for the occupational category. We were able to estimate and partition the variance into between-day (the largest contributor), within occupational categories, and between occupational categories. Principal research needs concern optimal levels of worker aggregation for exposure assignment, historical extrapolation, study of diverse work environments, and integration of residential and occupational exposure in the same study. -Environ Health Perspect 103(Suppl 2):69-74 (1995) 
Introduction
Concerns with occupational exposure to electric and magnetic fields (EMF) as a potential cause of cancer were first noted in Wertheimer and Leeper's (1) report on childhood cancer and became more widely appreciated with the publication of Milham's (2) letter to the editor of the New EnglandJournal ofMedicine. His documentation of increased leukemia mortality among electrical workers has been followed by dozens of similar reports evaluating risk of leukemia and brain cancer in relation to electrical occupations.
The adequacy of the job title as an exposure surrogate was and remains a principal methodologic concern with this approach, along with the inability to isolate any role of EMF from workplace exposure to potentially carcinogenic chemicals.
However, until very recently, all reports of EMF and occupation continued to rely on intuitive notions of which men were likely to be exposed, supplemented at best with a formal judgment by expert panels to assign "definite," "probable," and "possible" EMF exposure (3, 4) . Three recent studies have adopted a more sophisticated strategy in which an extensive series of workplace measurements was used to classify occupational EMF exposure of workers employed in diverse settings throughout the community (5), telephone workers (6) , and electric utility workers (7) . The focus of this discussion is on the methodologic and substantive contributions of those studies and a description of assessment methods and exposures from a study of American electric utility workers being conducted at the University of North Carolina.
Occupational EMF Exposure
The contrast between residential and occupational EMF exposure is complex, and in contrast to many workplace hazards, not simply a higher level of the same agent. In fact, measured as a time-weighted average, the relative contribution of workplace and home is of approximately equal magnitude (8, 9) . Residential studies of childhood cancer have all been explicitly or implicitly focused on magnetic fields, since outside power lines are only predictive of magnetic fields and no known long-term electric field indicators are available (10) .
Occupational studies are less clear in terms of which field types are present; for many electrical occupations, both electric and magnetic fields are likely to be elevated. In the electric utility industry, the most extensively studied sector, both field types are elevated (8, 9) .
Occupational settings can be expected to show more diversity than residences in several other dimensions of exposure. There is more opportunity for intermittent very high exposures to electric and magnetic fields rarely encountered in the home. The diversity of field frequencies can 
Measurements in Industry-based Studies
Analogous strategies for refining job classification are applicable to studies restricted to workers within a particular industry. This approach of measurement-based job classification has now been applied to telephone workers (6) and electric utility workers (7) . There are several advantages to studies restricted to single industries, including a greater opportunity to evaluate work activities in detail, improved workplace access, and larger numbers of workers engaged in similar activities.
In the study of telephone workers (6) Once the assignment to occupational categories was made, we developed a method for randomly selecting workerdays for measurement. Asking supervisors or workers to select "representative days" for measurements is likely to result in biases towards high or low exposure depending on the predilections of the person choosing the sampling day. We obtained rosters of all presently employed male workers and organized them into the same occupational categories for sampling purposes. An initial judgment was also made about the likely level of exposure as high, medium, or low. Then, the allocation of the number of samples was made with a total of 4000 worker-days thought to be feasible. Assignment of the samples was based on the estimated person-years of work experience in the specific occupational category in the specific company, weighted in a 5:3:1 ratio across presumed high, medium, and low exposure groups. Within the company by occupational category cell, the targeted number of workers were randomly selected and randomly sequenced within the list given to the company representatives for measurement. Since measurements were to cover a full calendar year, the potential effects of seasonality or day-of-week on measurement were assumed to be randomly distributed and therefore unlikely to introduce bias. A subset of workers in occupational categories initially assigned as high or medium were chosen for a repeat measurement at a specified interval following the initial measurement. This repeat assessment was essential for estimating the components of variance in exposure, particularly for within-worker variability.
Data collection was coordinated by the study staff but implemented at each of the participating companies. A designated representative took responsibility for receiving assignments of which workers to monitor, distributing meters to the designated workers, collecting the meters, reading and recording the measurement results, and returning the meters for periodic calibration checks. Perhaps the greatest challenge faced by the representatives was developing a workable system within the constraints and challenges at the individual company, but the institutional and individual commitment was ultimately successful in attempting over 4000 workday measurements by the end of the data collection period.
The principal sacrifice in conducting a large, randomized measurement protocol was the type of instrumentation and resulting restriction of field characteristics. We needed to use an instrument that could be sent through company mail to individual workers (often distributed over a several-hundred-mile radius), used by a nontechnically trained worker with minimal instruction, and read by the company representative. The AMEX 3-D was chosen, which uses only one switch to turn the meter on and off and accrues charge proportional to the time-weighted average magnetic field. The time to discharge is then converted into uT-hours of exposure. With notation of the duration of use (recorded by the worker), the time-weighted average exposure during the workshift was derived. 
Conclusions
In spite of considerable progress, the challenge of retrospective estimation of EMF exposure remains central in studies of occupational risks. Historical information on job titles and tasks will continue to be the principal mechanism for assessing the past and our challenge is to identify improvements in our ability to do so accurately. None of the strategies so far are so persuasively effective that they should be adopted as the model, but some variation of a measurement-based job-exposure matrix seems to be essential.
Job titles alone have been studied quite extensively, and further study of job tides in relation to leukemia and brain cancer is of limited value unless there is some opportunity to have more detailed information for imputing exposure. More studies of equal quality can only enhance the precision of the aggregate estimate, not assess its validity. Cancers other than leukemia and brain cancer and diseases other than cancer may be studied productively through examination of job titles since relatively few studies of other diseases have been conducted.
The key challenges are in refining the strategy for assessing workplace exposure. Decisions have to be made on how to aggregate workers for assignment, ranging from measurement of a workplace for each individual, as intended by Floderus et al. (5) , to aggregation into broad groups for measurement and assignment, as described by Bowman et al. (19) . Even component tasks or microenvironments could be measured as the basis for assigning exposure, linking each worker to the tasks or location in which he or she spends time. Further statistical consideration is needed to define the optimal level of aggregation.
Historical extrapolation is a major source of uncertainty which can ultimately only be resolved by the passage of time and accrual of a historical set of measurements. In the interim, models of historical work settings and practices might be developed to estimate the impact of changes on exposure. Studies of occupational EMF exposure should be expanded beyond electric utilities and even perhaps beyond the traditional "electrical" occupations to include workers with occupational exposure in other industrial environments or offices. Not only would such studies offer the opportunity to examine a sociologically different population, but each one has a particular pattern of exposure. The differences in temporal pattern, field characteristics, and accompanying environmental agents might well lead to a difference in the impact, if any, of EMF.
Finally, it seems essential to integrate workplace and residential EMF exposure in a single study. There are major logistic challenges to doing so, but the known contributions from each source to the timeweighted average, nearly half from each, dictate this direction for research. The ability to separate groups with more notably distinct magnetic field exposure would constitute a much stronger test of the postulated link between EMF and cancer than has been conducted so far. 
